The Educational ALIBAVA System (EASy) is a compact and portable system for lecturing sensor instrumentation at university teaching laboratories. EASy tests and reads out a silicon micro-strip sensor. The front-end electronics is based on a low noise ASIC with 128 input channels. Semiconductor devices are widely used as radiation sensors in many scientific and industrial applications. They are of uttermost importance in the High Energy Physics experiments as tracking devices and extensively used in Nuclear Physics for spectroscopy. Moreover, silicon sensors are extensively used in medical physics imaging and inland security, where their low cost, miniaturisation, packaging and integration of electronics represent a clear advantage. A book of exercises with EASy (including theory explanations and hands-on activities) helps physics and engineering students to be educated on the first principles of the semiconductor sensors, their operation in real systems, as well as the associated electronics.
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Introduction
The ALIBAVA system [1] is the first compact and portable system for the characterisation of silicon microstrip radiation detectors. It is a plug & play system that can be controlled from a graphical user interface that runs in the most common computer operative systems: Windows, Linux and Mac OSX. The main components of the system are a mother board containing a FPGA that manages all the operation modes, the communication with the computer and configures the readout chips. There is a second board, the daughter board, that houses the sensors and the readout chips.
The ALIBAVA system was developed by the University of Liverpool, IMB-CNM 1 in Barcelona and IFIC 2 in Valencia with the idea of producing a standardised, compact and easy to use setup to characterise silicon micro strip sensors. The development was supported by the CERN-RD50 [2] collaboration to find the technology for the silicon trackers and vertex detectors of the experiments at the High Luminosity Upgrade of the LHC [3]. The system was very soon widely used in the community and the ALIBAVA Systems spin-off company was created to improve and distribute the system. Today, the system is used over 30 particle physics institutes in Asia, Europe and America. A natural evolution of the system was a specialisation on education and training which brought the Educational Alibava System, EASy, into the game. Fig. 1 shows the various componentes of the system.
The EASy features were developed with the idea of fully exploiting the capabilities of the system while simplifying its setup and helping to understand the basic principles and operation of the semiconductor devices:
1. The system incorporates a HV unit to bias the sensor. 2. The system includes an infrared laser to point to individual channels with a micro-positioner. 3. Encapsulating box that protects against accidents and misuse. 4. Acquisition software and data analysis macros adapted to the experiments manual. 5. Experiments manual with basic experiments with a laser and radioactive sources.
In addition, the system has self-triggering capabilities, plus a silicon diode, which may be used for triggering the acquisition. Thus, there is no need of an external trigger generator.
EASy includes an infrared laser mounted on a focusing system to point individual channels, study charge sharing between channels and study the laser penetration in the semiconductor sensors. For these studies, EASy generates its own periodic trigger. The system comes with a step by step guide that sets the basic theory concepts and explains how to operate with it, with a description of the different acquisition modes. The guide also contains a proposal of basic exercises for the students like: setting the operation voltage of the sensors, finding the pedestals and the noise, the synchronisation with the trigger, charge collection and energy deposition, depletion voltage of the sensor, charge sharing between neighbour strips, the spatial resolution of the sensor and spectroscopy with different radioactive source.
The control unit.
The control unit is the equivalent to the mother board in the Alibava System. It is the only component, together with the computer that needs to be plugged in to the wall socket. The control unit has the brain that controls the whole system according to the commands received from the DAQ software running on the computer. It provides the high voltage for depleting the sensor and measures the sensor current to help making IV-curves to characterise the sensor. The board also generates the operation voltages for the readout chips on the sensor unit and sends them the configuration commands as well as trigger, clock and control signals. This is sent with a flat cable connected in (2) of Fig. 2 .
The control unit has, also, a 980 nm laser source. The 5 ns wide light pulses are sent to the sensor unit via an optical fibre, (1) in Fig. 2 , into the focusing system in the daughter board.
The control unit is connected to the computer via USB and it is through that bus that data are commands are transmitted from one side to the other.
The sensor unit.
The sensor unit contains the sensor, the front-end electronics and a diode to provide a trigger for the acquisition. The sensor is a 2x2 cm 2 silicon strip detector with a 150 µm strip pitch. There is a silicon diode, matching the size of the sensor, at the back side of the board as can be seen in Fig. 3 .
The read out ASIC used in this board is the Beetle chip [4] . It is a 128 channel chip providing analogue information on the amplitude of the signals connected at the input. It has, also, some self-triggering capabilities. Fig. 3 .a shows the two sides of the electric board containing the sensor, diode and front-end electronics. The electric board is housed by a light-tight box with inputs for the electrical signals coming from the control units as well as for the fibres transmitting the laser pulse generated at the control unit. This can be appreciated in Fig. 3.b .
The box has a sliding cover with two positions. The first is an opening covered with a carbon fibre slab which is the receptacle of a radioactive source. This opening is on a structure that can be moved across the sensor strips, with the help of micro-positioners, so that one can study charge sharing effects with the source. The second position has a focusing system for the laser pulse coming from the control unit. The beam spot can be focused on the sensor surface achieving a beam spot of a few micrometers. The focusing system uses a second micro-positioner.
The DAQ snd analysis software
The system includes a specific data acquisition software and data analysis tools to demonstrate and visualise the operating principles of the silicon strip detector. The main window of the graphical user interface provides the means to configure the readout chip and the system as a whole. It is able to manage the different calibrations procedures for the front-end and the self-triggering discriminator. It has, also, a number of tabs showing different histograms that allow to monitor important aspects the data acquisition process like pedestals, noise, signal spectrum and, also, an event display that helps understanding the signal formation in the silicon sensor.
The software allows to save the data acquired in files for further analysis. The system provides, together with the DAQ software, a generic data analysis set of tools written for the most common data handling software: Matlab [5] , Octave [6] and ROOT [7] .
Activity book for Students
The kit incorporates the user manual and a specific exercises book [8] ideal for introducing the student on the high energy physics/particle physics experiments. The Student's activity book gives a general introduction to the most basic concepts of the operation of the silicon detectors like signal formation, spatial resolution, sources of noise and the different trigger modes.
It proposes up to 10 experiments with exercises as well as small pieces of software to analyse the data and produce some figures out of that. The exercises cover important aspects like how to produce the characteristic IV curve of the sensor, introduce the concepts of pedestals, noise and coherent noise, cluster finding algorithms, charge collection efficiency, energy deposition, spatial resolution, laser penetration in silicon and spectroscopy. 
Conclusions
The system is a perfect tool to learn about the signal formation in semiconductor sensors and its processing. It is an ideal tool for Physics and Engineering students following courses on radiation detection instrumentations. It provides a number of tools to understand and analyse the data coming from the detector for the physics students and, also, provides means of playing with more internal aspects of the system like ASIC control, etc. for the engineering students.
It is a very compact system, see Fig. 5 , suitable for experiments in the laboratory, and for outside experiments in schools, tutorials, etc. thanks to its portability. 
